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Documentation  in  this  report  vas  provided  by  the  Instrumentation  Division, 

Technical  Services  Directorate  for  a  jungle  penetration  fuze  program.  The  Fuze 
Research  Engineering  Division  of  Plcatinny  Arsenal  requested  height-of -burst  (HOB) 
measurements  in  a  jungle  environment  for  an  electronic  fuze  Incorporated  in  a  super¬ 
sonic  rocket  .  _  plvj  -i>  >c  z****^1 

^  A  sound-ranging  system/  successfully  developed  and  fabricated  in  1967  by  the 
Technical  Services  Directorate1  at  Plcatinny  Arsenal,  vas  utilized  with  some  modifica¬ 
tions  of  acoustic  sensors^aHa  amplifiers .  The  accuracy  of  the  HOB  data  received  by  this 
system  can  optimally  be  £  5 '$  based  on  evaluations  at  Plcatinny  Arsenal  and  Aberdeen 
Proving  Ground.  This  accuracy  depends  on  precise  operator  measurements  in  system  setup 
and  data  reduction  procedures,  monitoring  meteorological  conditions  in  real  time  and 
monitoring  sound  velocity  in  real  tlme.^ 

^The  details  of  a  successful  approach  to  HOB  of  supersonic  rockets  as  determined  by 
these  fuze  tests  are  included  in  this  report  together  vlth  the  HOB  test  data  and  results 
In  these  tests  two  electronic  timing  fuzes  vere  compared  in  a  jungle  environment;  no 
discardable  difference  between  their  performance  was  measured.  (  /  ^ 


For  classification  purposes  the  rocket  and  fuze  nomenclature  and  specific  opera¬ 
tional  details  of  the  system  under  test  have  been  emitted  from  this  report.  This 
information  may  be  obtained  from  the  author  from  parsons  with  proper  clearance  and  the 
-eed  t-  * - 
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HOB  SOUND  RANGING  SYSTEM 


SUMMARY 


Documentation  in  this  report  was  provided  by  the  Instrumenta¬ 
tion  Division,  Technical  Services  Directorate  for  a  Jungle  penetra¬ 
tion  fuse  program.  The  Fuze  Research  Engineering  Division  of  Pica- 
tinny  Arsenal  required  height-of -burst  (HOB)  measurements  in  a 
Jungle  environment  for  an  electronic  fuze  incorporated  in  a  super¬ 
sonic  rocket. 

A  sound-ranging  system,  successfully  developed  and  fabricated 
in  1967  by  the  Technical  Services  Directorate  at  Picatinny  Arsenal, 
vas  utilized  vlth  some  modifications  of  acoustic  sensors  and  ampli¬ 
fiers.  The  accuracy  of  the  HOB  data  received  by  this  system  can 
optimally  be  +  5$  based  on  evaluations  at  Picatinny  Arsenal  and 
Aberdeen  Proving  Ground.  This  accuracy  depends  on  precise  opera¬ 
tion  measurements  in  system  setup  and  data  reduction  procedures, 
monitoring  meteorological  conditions  in  real  time  and  monitoring 
sound  velocity  in  real  time. 

The  details  of  a  successful  approach  to  HOB  of  supersonic 
rockets  as  determined  by  these  fuze  tests  are  Included  In  this  re¬ 
port  together  with  the  HOB  test  data  and  results.  In  these  tests 
two  electronic  timing  fuzes  were  compared  in  a  Jungle  environment; 
no  discemable  difference  between  their  performance  was  measured. 

For  classification  purposes  the  rocket  and  fuze  nomenclature 
and  specific  operational  details  of  the  system  under  test  have  been 
omitted  from  this  report.  Persons  with  the  proper  clearance  and 
the  need  to  know  may  obtain  this  information  from  the  author. 
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CONCLUSIONS 


The  HOB  sound  ranging  system  as  modified  for  a  supersonic 
rocket  proved  to  be  successful  In  providing  accurate  HOB  and  posi¬ 
tion  coordinate  data  In  the  presence  of  sonic  boom  and  rocket  noise. 

The  unique  hardware  and  array  arrangement  required  for  this 
test  emphasizes  the  necessity  for  design  evaluation  preceding  each 
HOB  mission.  A  universal  sound  ranging  system  concept  cannot  be 
applied,  as  proven  by  past  performance.  Previous  failures  In 
attempting  to  measure  HOB  of  supersonic  rockets  resulted  direct¬ 
ly  from  Inflexible  use  of  conventional  sound  ranging  hardware, 
techniques  and  data  reduction  methods. 

To  Insure  maximum  benefit  from  this  system,  the  poles  should 
be  placed  In  line  with  the  trajectory  and  the  distance  between 
poles  not  less  than  two  or  more  than  four  times  the  height  of  the 
pole. 


I 


3 


RECOMMENDATIONS 


The  Sound  Ranging  System  for  HOB  measurements  has  been  field- 
proven  for  various  types  of  ordnance  Items.  This  system  should 
continue  to  be  developed  for  future  HOB  and  Sound  Ranging  Programs 
requiring  greater  accuracies. 

The  Instrumentation  system  to  measure  HOB  varies  with  each 
application  to  the  extent  that  a  universal  concept  cannot  be  employ¬ 
ed.  Each  program  must  be  evaluated  to  determine  the  correct  arrange¬ 
ment  to  be  used. 

Although,  for  a  helicopter-fired  supersonic  rocket,  a  dual  pole 
system  provided  accurate  HOB  data,  an  automated  data  reduction 
system  should  be  c  igned  and  developed. 

Emphasis  should  be  placed  on  the  development  of  real  time 
meteorological  and  sound  velocity  instrumentation;  an  estimated  In¬ 
crease  in  accuracy  of  one  to  three  times  can  be  expected  with  these 
developments. 


THE  SOUND  RANGING  SYSTEM 


Development 

The  HOB  Sound  Ranging  System  was  developed  at  Plcatlnny  Arsenal 
by  TSL's  Instrumentation  Section  In  19 66.  The  results  of  this  de¬ 
velopment  can  be  found  In  (Reference  l). 

Design  -  Three  Transducer  System 

A  typical  sound  ranging  Transducer  System  layout  is  shown  be¬ 
low  and  In  Drawing  1  (Appendix  C).  For  this  Transducer  System,  the 
mathematical  solution  can  be  obtained  from  the  geometry: 

nj-  c  (t2  -  tj.) 

« 

ng-  c  (t3  -  tx) 

where  c-  velocity  of  sound 


(R  +  ^J2  ■  x2  +  (L  -  yf~ 

(R  +  i^j)2  ■  x?  +  (2L  -  y  'f' 

expanding  (2)  and  (3)  and  substituting  (l)  for  x, 
E?  +  2Rn^  +  n2x  -  F?  +  y2  +  L2  -  2Iy  +  y2 
&  ♦  2Rng  +  i^2-1^+y2  +  ,*L2-1^+y2 


which  reduces  to 
2Rn1  +  n1  -  L2  -  21/ 
2Rng  +  n22  -  L2  -  417 
solving  for  R  from  (6) 


R-  L2 


2 

“L 


substituting  In  (T) 

2  1^  -  2Ly  -  n2  +  n^g  ■  4l£  -  Uly 

solving  for  y 

y-  1^  (4m  -  ng)  _+  (ni  ng)  (nv  -  no) 

2L  (2n^  -  ng  (9) 

Substituting  this  value  of  y  In  (8)  yields  a  value  for  R. 

Having  measured  the  velocity  of  sound  (c)  and  the  microphone 
time  differentials,  the  height -of -burst,  y,  and  radial  horizontal 
distance,  x,  can  be  computed.  If  horizontal  coordinates  are  re¬ 
quired  with  this  system,  two  additional  horizontal  microphones  are 
needed,  preferably  positioned  at  a  mutual  angle  of  90°,  or,  a  sec¬ 
ond  pole  Is  required. 

Sound  Ringing  Dual  Pole  Layout  • 

A  typical  layout  of  transducers  Is  shown  In  Figure  1  and  Draw¬ 
ing  1.  Accrracy  during  the  measurement  of  the  distance  between 
poles  and  the  height  of  transducers  is  essential,  since  the  overall 
accuracy  of  Height  of  Burst  data  depends  on  these  measurements. 

The  advantage  of  the  second  pole  is  that  It  yields  a  redundant 
cross  check  as  well  as  three  dimensional  position  coordinates. 

Data  Acquisition  Technique  r 

Each  sensor  is  an  LC-13  Blast  Pressure  Transducer.  The  output 
of  each  transducer  Is  amplified  by  an  Integrated  circuit,  battery- 
powered  (l 2  volts  DC),  autogaln  control  amplifier. 

The  electrical  signal  from  the  transducers,  located  at  the  Im¬ 
pact  area.  Is  transmitted  to  the  Instrumentation  van  over  vinyl- 
covered,  multi -conductor  cable. 

The  length  of  transmission  line  depends  on  the  location  of  the 
Instrumentation  van  with  respect  to  the  Input  area.  The  extremely 
low  output  Impedance  of  the  electronics  permit  transmission  of  sig¬ 
nals  over  upwards  of  5000  feet  of  cable. 

The  electrical  signals  are  then  recorded  on  magnetic  tape; 
each  signal  Is  recorded  on  a  separate  channel  of  a  seven-track 
I.R.I.G.  tape  recorder. 
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A  time  reference  of  one  Kilohertz,  Bine  wave ,  is  superimposed  on  a 
recording  channel.  Voice  ccnmentary  for  labeling  and  identifica¬ 
tion  is  superimposed  on  another  channel. 

The  data  is  recorded  at  15  Inches  per  second  (ips). 

Data  Reduction  Technique 

The  test  data  Is  reproduced  from  the  magnetic  tape  recorder 
at  a  playback  speed  of  1-7/8  in/sec,  thereby  expanding  time  by  a 
factor  of  eight.  A  permanent  visual  record  of  the  sound  impulse 
from  each  round  is  produced  by  transferring  these  signals  from  mag¬ 
netic  tape  during  playback  while  recording  the  signals  on  a  record¬ 
ing  oscillograph.  Ti  iu  reproduction  technique  provides  cr.e  milli¬ 
second  time  markers  approximately  \  Inch  apart;  therefore  it  Is 
possible  to  measure  time  Intervals  with  an  accuracy  of  _+  0.0001 
seconds. 

Figure  2  Is  a  representation  of  a  typical  oscillograph  record 
obtained  from  test  firings.  The  differential  time  measurements  are 
referenced  to  the  transducer  located  at  the  bottom  of  the  pole,  this 
sets  the  sign  convention  for  all  time  measurements. 

If,  for  example,  the  top  transducer  receives  the  sound  first, 
the  reading,  VI th  respect  to  the  top  transducer.  Is  considered  a 
negative  time  measurement.  Thus,  the  differential  times  Tl  and  T2 
are  measured,  by  hand,  by  data  reduction  personnel.  Where; 

Tj«  differential  time  between  bottom  transducer  and  middle 
transducer. 

T2-  differential  time  between  bottom  transducer  and  top  trans¬ 
ducer. 

An  Olivetti -Underwood  Programme  101,  desk  top  computer  has  been  pro¬ 
grammed  to  yield  the  solution  to  the  above  derived  equations  from 
the  differential  times,  velocity  of  sound  and  transducer  array 
dimensions.  A  nomograph  figure  3,  derived  via  an  IiM  360  allows 
a  good  approximation  for  field  data  reduction  for  "first  look"  data. 

A 

» 

Calibration  and  Field  Check-Out 

The  velocity  of  sound  for  a  test  area  has  been  determined  by 
exploding  an  M8C  Simulator  (fire  cracker)  below  and  in  line  with 
any  three  transducers  mounted  on  a  pole.  Since  the  distances  bet¬ 
ween  transducers  are  kno\m,  measurement  of  the  time  of  propagation 
between  transducers  allows  the  calculation  of  the  velocity  of  sound. 
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The  M8o  Simulator  can  also  ba  used  as  an  Impulsive  sound  source 
to  check  the  accuracy  of  the  Height  of  Burst  system.  An  M80  Is 
attached  to  a  tree  at  known  coo  ruinates  with  respect  to  the  pole 
system.  The  M80  Is  detonated  and  the  sound  Impulses  are  recorded. 
The  differential  arrival  times  provide  a  height  measurement  direct¬ 
ly  from  the  field  nomograph.  This  Is  compared  with  the  known  height 
of  burst.  A  maximum  of  3>  error  between  calculated  and  measured 
heights  Is  acceptable.  Errors  greater  then  3^  can  be  directly 
attributed  to  wind  and  temperature  gradients. 
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THE  ELECTRONIC  SOUND  RANGING  DATA  ACQUISITION  SYSTEM 


The  electronic  system  Is  shewn  in  block  diagram  form  in  figure 
4.  The  complete  system  can  be  resolved  into  Its  essential  sub- 
assemblies  as  follows: 

U  i 

Transducer 

The  transducer  utilised  in  this  system  conforms  to  the  follow¬ 
ing  specifications: 

Operating  temperature  range  from  -4°  to  +150^F 
Piezoelectric  active  element 

Ability  to  measure  shock  fronts  in  excess  of  Mach  2 

Sensitivity  -lOTdb  re  lv/ubar 

Resonant  frequency  greater  than  120  kHs 

Waterproof 

Omnidirectional 

Dynamic  range :  60db 

Standard  stock  availability  Model  LC-13  or  equal 
Amplifier  ( BRA-1 ).  Sound  Ranging  Transducer 

Each  transducer  is  connected  to  a  corresponding  8RA-1,  amplif¬ 
ier  (figure  5 )•  This  amplifier  was  designed  and  fabricated  by  the 
TSD,  it  conforms  to  these  specifications: 

Voltage  Requirement,  +  12  Volts  DC,  single  ended 
Current  Requirement,  +  12  mi  111  amps 
Voltage  Gain,  +  41*db. 

Frequency  Response,  15  Ha  to  100  kHa  _+  1.5  db. 

Input  Impedance,  1  Megohm 
Output  Impedance,  0.2  ohms 
Automatic  Gain  Control  Range,  24  db 

Distortion  before  AGO  action  -  less  than  0 ,6ft  (2  volts  PP 
output ) 

Shock  Proof  &  unaffected  by  dust,  dirt,  or  moisture 
Field  Junction  Boar 

This  module  (Drawing  2),  fabricated  at  Plcatlnny  Arsenal,  cou¬ 
ples  each  amplifier  power  source,  a  12  volt  battery,  to  its  corres¬ 
ponding  amplifier;  by  locating  this  module  in  the  field,  the  dis¬ 
tance  from  the  power  sources  to  the  amplifiers  can  be  held  to  a  min¬ 
imum.  This  prevents  undue  radio  Interference  and  avoids  power  waste 
from  long  lines.  Power  can  be  applied  remotely  from  the  instru¬ 
mentation  van. 
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Van  Junction  Boat 


This  module  (Drawing  3)»  also  fabricated  at  Plcatinny  Arsenal, 
couples  the  microphone  amplifier  output  to  the  magnetic  tape  re¬ 
corder  for  permanent  data  storage,  interconnects  the  one  kHs  Time 
Mark  Generator  to  the  tape  recorder  In  pare  lie  1  with  a  microphone 
amplifier  output  for  the  recording  of  a  time  base  for  data  re¬ 
duction,  provides  a  28-volt  power  source  to  the  field  junotlon 
box  relays  that  In  turn  provides  the  remote  power  source  capa¬ 
bility  for  the  microphone-amplifier  units,  provides  outputs  to 
the  loudspeaker  speaker  monitor,  and  finally,  connects  the  tape 
recorder  to  the  Vlslcorder. 

Tape  Recorder 

The  Tape  Recorder  utilised  for  this  system  (photograph  l)  con¬ 
forms  to  the  following  specifications: 

Seven  channel,  £  Inch  tape  I  RIG  format 
Tape  speeds:  15  inches/sec,  T*5>  3*75*  1*875 
Nominal  Input  level:  0.5-10  volts  r.m.s. 

Nominal  output  level:  1  volt  re  OVU 

Input  Impede  nee :  10,000  ohms  unbalanced 

Output  lmpedence :  100  ohms  unbalanced 

Frequency  response:  50-10.000  HZ  +  3db  0  15  l.p.s. 

Operating  temperature:  3<r  -  100PF 

Wow  &  Flutter:  less  than  .Vft  0  15  l.p.s. 

Standard  Stock  Availability: 

Model  Bp-300  FM-Direct  Recorder/Reproducer  or  equal 
Time  Mark  Generator 


The  Time  Mark  Generator  utilised  for  this  system  should  be  a 
very  stable  sine  wave  oscillator  that  will  supply  1  volt  r.m.s . 
Into  50  ohms  0  1000  HZ  with  a  stability  of  10  parts  per  million 
error  In  frequency  In  2k  hours. 

Vlslcorder  and  Associated  Amplifier 

The  oscillograph  recorder  utilised  for  this  system  (Photograph 
2)  conforms  to  these  minimum  specifications: 

Seven  recording  channels 

Six  inch  chart  width 

50  inches  per  second  chart  speed 

8,000  HZ  gla  von  one  ter  frequency  response 

30P  -  100P  operating  temperature  range 

Standard  Stock  Availability:  direct  recording  Vlslcorder  oscillo¬ 
graph. 
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System  Requirements 


The  most  stringent  requirement  for  this  system  Is  the  ability 
to  record  &  accurately  measure  the  differential  times  arriving 
at  the  microphones  when  a  source  of  Impulsive  sound  is  present. 
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DEVELOPMENT  TESTING  FOR  AN  ELECTRONIC  FUZE  PROGRAM 


Advantages  of  Pole  System 

Utilizing  a  pole  system  allows  the  operator  to  obtain  "first 
look"  Height  of  Burst  data  Immediately  at  the  test  site  once 
differential  times  are  read  from  the  oscillograph  recording.  The 
Height  of  Burst  can  be  read  directly  from  a  nomograph.  A  nomo¬ 
graph  for  a  100- foot  pole  system  can  be  seen  In  Figure  3*  Al¬ 
though'  this  nomograph  eliminates  the  time  delay  required  for 
translating  and  processing  recorded  data  from  the  test  site  on  a 
laboratory  computer,  the  field  reduced  data  should  only  be  consid¬ 
ered  first  look  and  the  laboratory  reduction  is  still  necessary. 

The  Sound  Ranging  Pole  System  is  limited  In  vertical  range 
only  by  a  multiple  of  the  height  of  the  pole.  Since  Impact  or 
ground  burst  monitoring  Is  highly  desirable  for  most  ammunition 
test  evaluation,  the  Pole  System  Is  a  most  practical  system. 

Test  Evaluation  -  Plcatlnny  Arsenal 

This  test  evaluation  was  performed  at  Plcatlnny  Arsenal  util¬ 
izing  a  50-foot  pole  system  to  determine  sensitivity  and  satura¬ 
tion  recovery  time  of  transducers  due  to: 

1.  Rocket  motor  noise 

2.  Fragments 

3.  Excessive  db  level  from  Item  function 

The  following  configurations  of  transducers  and  amplifiers 
were  evaluated  In  all  test  conditions: 

1.  AJ13l£  Microphone /MA-100  Amplifier 

2.  1/3-50  Hydraphone/SRA-1  Amplifier 

3.  1/3-13  Blast  Pressure  Transducer/8RA-1  Amplifier 

Testing  was  performed  systematically  at  distances  from  10  feet  to 
greater  than  300  feet  from  the  pole  at  heights  of  -10  to  +  75  feet. 

Test  1:  A  composition  charge  was  Initiated  as  a  sound  source.  Mic 
rophone  and  transducer  subsystems  were  evaluated  for  sensitivity, 

/■  saturation  and  recovery  time. 

The  db  level  of  the  (3-4  charge  when  Initiated  was  comparable 
to  a  supersonic  rocket  loaded  with  a  supplemental  booster  charge. 
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Test  2:  A  supersonic  rocket  motor  was  fired  in  a  static  test 
stand.  Microphone  and  transducer  subsystems  were  evaluated 
for  sensitivity  and  saturation  recovery  time. 

Test  3:  A  supersonic  rocket  motor  was  fired  in  a  static  test 
stand.  While  the  rocket  motor  was  burning,  a  composition  charge 
was  fired.  Microphones  and  transducer  subsystems  were  evaluated 
for  sensitivity  and  saturation  recovery  time. 

Test  4:  A  rifle  vas  fired,  the  bullet  aimed  to  pass  close  to  the 
pole  system.  This  test  vas  repeated  for  varying  distance,  azimuth 
angles  and  elevations  with  respect  to  the  pole.  Evaluations 
were  made  for  sensitivity  and  saturation  recovery  time  due  to  the 
simulation  of  fragmentation. 

Results  of  Plcatlnny  Testing 

Configuration  I ;  AJ-1342  MlcrophoneA<A-100  Amplifier 

This  configuration  proved  unsatisfactory.  The  rocket 
motor  noise  level  saturated  the  microphone,  as  did  the  shock  fronts 
induced  by  the  fragments  and  a  composition  charge  initiated  near 
a  microphone.  Recovery  time  of  the  sensors  vas  unacceptable  for 
obtaining  the  data  acquisition  rates  anticipated.  Figure  6  de¬ 
picts  a  typical  record  of  saturation  due  to  rocket  motor  noise; 
Figure  7  shows  a  typical  record  resulting  from  fragmentation. 

Configuration  2:  LC-50  Hydraphone /BRA-1  Amplifier 

Although  some  usable  data  vas  obtained,  problems  simi¬ 
lar  to  Configuration  1  vere  observed.  Therefore,  Configuration  2 
vas  also  deemed  unacceptable. 

Configuration  3:  LC-13  Blast  Pressure  Transducer/SRA-1  Amp¬ 

lifier 

This  configuration  proved  acceptable  for  Tests  1-4.  In¬ 
creased  dynamic  range  eliminated  the  rocket  motor  noise  problem. 

If  the  sensor  saturated  from  a  shock  front,  the  recovery  time, 
aoproximately  10  milliseconds,  vas  sufficiently  fast  to  obtain 
accurate  data.  Figure  8  is  a  typical  record  of  static  firing  of 
a  supersonic  rocket  motor  and.  a  composition  charge  simultaneously; 
the  charge  is  clearly  dlssemable. 

Recommendations  from  Plcatlnny  Testing 

As  a  result  of  the  testing  at  Plcatlnny  Arsenal,  it  vas 
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reconmended  that  additional  testing  be  conducted  at  Aberdeen  Prov¬ 
ing  Ground  employing  a  duel  50- foot  pole  system,  LC-13/SRA-1 
Sensors  and  helicopter  launched  supersonic  rockets. 

Testing  Aberdeen  Proving  Ground 

A  dual  50-foot  Sound  Ranging  Pole  System  was  erected  In  an 
open  field.  The  poles  were  In  line  with  the  direction  of  fire  and 
placed  200  feet  apart.  LC-13  transducers  and  SRA-1  amplifiers  were 
used  throughout.  A  helicopter  was  employed  to  air  launch  the 
supersonic  rockets  which  were  loaded  with  a  supplemental  booster 
charge.  The  rockets  were  fired  into  the  impact  area  from  an  alti¬ 
tude  of  500  feet  at  an  angle  of  15°  with  respect  to  the  horizontal 
the  total  range  to  Impact  was  2,000  feet.  The  velocity  of  each  of 
the  26  rounds  fired  was  approximately  Mach  2  or  twice  the  speed  of 
sound.  Figure  2  shows  a  typical  record  of  a  test  round. 

Results  of  Aberdeen  Testing 


Evaluation  of  the  oscillograph  recording  revealed  the  presence 
of  shock  fronts  and  their  ground  ref  lei  ons,  the  shock  front 
caused  by  the  supersonic  velocity  of  the  projectile;  this  was 
followed  by  the  burst  data,  as  depicted  In  Figure  2.  By  Inter¬ 
preting  the  presence  of  the  shock  fronts  and  their  reflections 
with  respect  to  the  direction  of  flight  and  pole  location,  this 
system  proved  90$  reliable  generating  errors  no  greater  than  +  5$. 

Recommendations  from  Aberdeen  Testing 

From  the  results  of  the  testing  conducted  at  Plcatlnny  Arsenal 
and  Aberdeen  Proving  Ground,  It  was  recommended  that  the  Height  of 
Burst  Sound  Ranging  System  be  utilized  for  testing  electronic 
timing  fuzes  on  supersonic  rockets  In  a  Jungle  environment  such  as 
the  Tropic  Test  Center  In  the  Canal  Zone,  Panama. 
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Procedure 

A  dual  pole  sound  ranging  system  was  erected  In  a  pre-select¬ 
ed  high  jungle  canopy  area.  Due  to  the  location  of  the  Impact  area 
and  the  varying  sizes  of  the  trees,  It  was  necessary  to  erect  pole 
systems  of  different  heights,  100  and  75  feet.  The  poles  were 
in  line  with  the  line  of  fire  and  152  feet  apart.  LC-13  trans¬ 
ducers  and  SRA-1  amplifiers  were  used  throughout.  Again,  a  tact¬ 
ical  helicopter  was  employed  to  air  launch  supersonic  rockets 
which  were  loaded  with  supplemental  booster  charges  and  type  C-l 
spotting  charges. 

258  rounds  were  fired  from  an  altitude  of  800  feet  and  at  an 
angle  of  15°  with  respect  to  the  horizontal  for  a  total  range  to 
burst  of  1,500  feet.  The  velocity  of  each  round,  at  the  burst 
point,  was  approximately  Mach  2.  Approximately  half  the  rounds 
were  equipped  with  Fuze  A  and  half  Fuze  B. 

Results 


Of  the  total  of  258  rounds  fired,  160  rounds  functioned  within 
the  reliable  operational  range  of  the  sound  ranging  system.  Of 
these  160  rounds ,  65  rounds  were  considered  excellent  Height  of 
Burst  data,  78  rounds  were  considered  good  Height  of  Burst  data, 
and  17  rounds  were  considered  moderately  reliable  Height  of  Burst 
data. 


The  criteria  for  the  quality  of  the  data  was  as  follows:  Ex¬ 
cellent,  where  two  pole  data  correlated  and  fell  within  the  range 
of  5$  expected  error  deviation,  such  that  the  position  coordinates 
can  be  considered  accurate  within  a  maximum  20$  deviation  with  a 
95$  confidence  level;  Good,  where  one  pole  data  fell  within  the 
range  of  10J 6  expected  error  deviation,  such  that  the  position 
coordinates  can  be  considered  accurate  within  a  maximum  30$  devi¬ 
ation  with  a  90$  confidence  level;  Moderately  Reliable,  where  one 
pole  data  fell  within  the  range  of  greater  than  10$  error  devia¬ 
tion,  such  that  the  position  coordinates  can  be  considered  accurate 
within  a  maximum  30$  deviation  with  a  decreasing  confidence  level 
with  reported  range.  Data  that  was  not  reported  due  to  the  fact 
that  the  round  fell  out  of  the  operational  range  of  the  array, 
functioned  at  slant  ranges  exceeding  300  feet. 

Of  the  65  rounds  considered  excellent  data,  45  were  selected 
for  statistical  comparison;  the  position  coordinates  of  these 
rounds  are  accurate  within  a  maximum  deviation  of  10$  with  a  95$ 
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confidence  level.  21  of  these  rounds  vere  fired  with  fuze  A  and 
24  of  these  rounds  vere  fired  with  fuze  B. 

For  the  A  fuze  group,  the  mean  height  of  burst  (HOB)  equaled 
59-6,  the  median  54  ft,  the  standard  deviation  25 .2  ft.  For  the 
B  fuze  group,  the  mean  HOB  equaled  61.5  ft*  the  median  53*4  ft 
and  the  standard  deviation  24.7  ft*  The  .wans  of  the  two  fuze 
groups  vere  equal  within  3*1$,  the  medians  vlthln  1.1$  and  the 
standard  deviation  vlthln  2.ojb.  A  typical  burst  distribution  Is 
shown  In  Figure  9. 

In  a  comparison  of  all  160  rounds,  Figure  10  shows  a  plot  of 
burst  height  verses  frequency  of  burst  height;  80  of  these  160 
rounds  vere  equipped  with  the  type  A  fuze  and  30  with  the  type 
B  fuze.  Based  on  the  above,  there  vas  no  dissernable  difference 
between  the  burst  height  performance  of  the  two  fuzes. 

The  remaining  98  rounds  were  not  reported  ana  can  be  put  Into 
two  groups :  55  rounds  either  landed  outside  the  operational 

range  of  the  array,  did  not  function  or  vere  ripple  fired;  43 
rounds  were  not  recorded  due  to  either  system  transmission  line 
breaks  or  Instrumentation  failure.  Also,  of  the  160  reported 
rounds,  35  were  reported  as  one  pole  data  when.  In  fact,  these 
particular  rounds  where  fired  when  undected  faults  In  the  trans¬ 
mission  lines  where  present. 

A  complete  summary  of  the  data  Is  supplied  in  appendix. 
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